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(54)Title: VISCOSITY MODIFIER FOR LUBRICATING OIL AND LUBRICATING OIL COMPOSITION 



(57) Abstract 

A viscosity modifier for lubricating oils which is capable of giving a lubricating oil composition excellent in low-temperature 
properties; and a lubricating oil composition which contains the viscosity modifier and has excellent low-temperature properties. The 
modifier comprises: an ethylene/propylene copolymer (A) which has a density of 857 to 882 kg/m\ an Mw of 80,000 to 400,000, and an 
Mw/Mn of 2.3 or lower and in which the density (D: kg/m 3 ) and the melting point (Tm: °C) satisfy the relationship Tm=1.247xD-1037; an 
ethylene/propylene copolymer (B) which has an ethylene content of 70 to 79 wt.%, an Mw of 80,000 to 250,000, excluding 250,000, an 
Mw/Mn of 2.3 or lower, and a Tm of 15 to 60 °C and in which the ethylene content (E: wt%) and the melting point (Tm: °C) satisfy the 
relationship 3.44xE-206=Tm; or an ethylene/propylene copolymer (C) which has an ethylene content of 70 to 79 wt.%, an Mw of 250,000 to 
400,000, an Mw/Mn of 2.3 or lower, and a Tm of 15 to 60 °C and in which the ethylene content (E: wt.%) and the melting point (Tm: °C) 
satisfy the relationship 3.44xE-204=Tm. The composition comprises a combination of any of the ethylene/propylene copolymers (A), (B), 
and (C) with a lube base oil (D) and optionally contains a pour point depressant (E). 
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20 fcte, 

V O (O C H,) C 1 2 , V O (O C 2 H 5 ) C 1 2 > V O (O C ,H 5 ) ,. S C l l 5 , 
VO(OC,H,),Cl, VO(0 n-C,H,)CI,, V O (O iso-C 3 H 7 ) 
CL VOIO ii-C 4 H,IC I,, VOIO iso-C 4 H a ) C 1 2 > VOIO 
sec-C 4 H 9 ) CI,, VOIO t-C„H 9 j C 1 J% V O (O C 2 H 5 ) 3 , V O 
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(O n-C 4 H 9 ) , ft £ tfimvf b 

±sBx^u->-yptfi/>ibfi^^ (a) jta (o © 

5 ^Afb^tl^i^l^X^L/y • 7'D t>>i|I^^ (A). (B) 
(C) © @! i£ iZ ft £. L < ffl H e> n -5 /X ± ^ ^7 A llttl (a-2) 

^^BEtst«7^a-!>Afi;^«itt, T 12 - as it (i) t^^n 

R', A l X - ( i ) 

10 * , R ' fct e* ^ Jft ^ $C # 1 ~ 1 5 , iff £ L < [Z 1 ~ 4 (D m<t A 

C © ck -5 ft ^ IK -T & # 1 ~ 1 S^Mft/JciXiLTtt, #J A. tt* 
7 )V * )V & , y^D7^ + JH*fctt7U-;H-^itfen, * #: 
15 fttcte, x^;u, n-yat?^. <v^aejk ^;y?jk 

^ > 5^ Jl/ . 4=- ;U v 3" i7 5=- . v ^ d ^ > ^ ;p , 9 d ^\ ^ ~> )V » 
7 x x ;u . h u ;u ft £ a« itfbn^. 

d<Dcke»ft^^T;U5-^A'(t^#J<i: L T ft flc M \Z it »• T © «fc 
5 ft ft 1§r #J ^ <b tl a . 
20 h'J/5 1 ^7JHz9A 1 h U Xf ^7JPS Z^A. h H V 7' 
d t? ;i/ 7 ;i/ 5 — O A , N H V7f A7il'5- I )A, h'Jt^^A 

r ;u 5 x o A% , hu 2- x 3=- ;u ^ * ~> ;u 7 s x o a ft e <o b u 7 ji 

* )V 7 ;U 5 X O A ; 

( i - C 4 H y) x A I y ( C 5 H ,„) z (5£4>, x. y. z IE <7> » 
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£ 0 7 )V *T X )V 7 )V 5 


X-^A ; 




F U -f V 7" P ^ — )V 7 )V 5 - 


•y A U E <D F u 7 ;u y- x ;u 7 ;u 5 x 


?A ; 








A ^ P U 


h\yIf^7iR^7A^D'J F , 




x A ^ 


p u F , v -r y y* ^- ji 7 ;p 5 x y a 


^7 P U F , v ^ f- )l 7 


5 " O 


A 7 n 5 h7«ft'0y7;^^7;^ 


X ^ A A ^ < F ; 






/?ji/7;K - r> A 


-fe 7> ^ 77 


P U h\ ^7C5-^At^ + 


^ p u f , -r v y p e 


JI/7JR 


X A -fe X ^ 77 o 'J F . 7*f J1^7^ 




H . x ^ 


^7J^~7At7^7'D$ F U E 




A -fe y, ^ 


A ? < F ; 


*^;U7JU5xryA 


'J 9 P U 


1 % ~ )V J j\f — y A / y U 'J p ^ 


-r v y° p t° ;u > ;u s - 


■y A v 5 y 


D'J F , x J- )l 7 )V 5 x 0 A "J 7 P 


5 F & ^0 7j^J!/ 7 


;U 5 X ^ 


AyA^-f F : 




A t F U 


F , yy^^7iRzvAth* U F 


& ^' cd 7 ;i/ + ;w 7 


5 X C? A 


k F U F ; 


x^;u7;P5x-j7A 


v t F 'J 


F , 7 p tf )V 7 ;U 5 x ^ A ^ t F U 


F ft a <D 7 )V * ;u 7 


5 X r> a 


^ t F U F & <*f . 



20 ;* ^ g -fe > ^j- m 

_h fB X -5=- V > • y° P t° 1/ > -it- M £r # ( A ) , ( B ) £ « ( C ) CD 

«5iic« s *u<fflu>e>n* ( ?t^D-fe>3iitti«E ( b ) £ ^ /jjt -r z> m m 
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M L x •• ( i i) 

s£ (ii) m itmmmm 4 m& e> igfcrns i^iit$ 0 , ^ 

ft tf> 13 flfi £ ^ ^ T $C T & 3 o 
5 Lte, fCgB&T & ffite^ T & 0 > Z. tl 6 (7) o t> 'P U < t. 

d . c © v o □ ^ > ^ v x - ;i/ # m & w -r & ib it =f it m m m & m u 

-> ? d ^ > * >' x - ;u # & £ # -T 3 §B ft ^ i: L T 13 \ #ij A « , 

Jl/->i/D^>^yIz;H 1 n- * £ 12 i - 7° u b° ;U -> □ ^ > ^ :/ x 

~> ;i- i> ^ D^y^yl - jH, ^ ^7 ^ ;u v ^ P ^ > ^ ^ x - ;u 
y^f Jl^y^D'O^yJZiH, h 'J ^fJky^ 0^>3? -y 
15 x-;i/S> f h7^f^y^D^>^yi^^S. ^>^^^;i/-> 
i7 o^>^vxzjH, ^ Jl/ x ;u ^ 9 a ^ > ^ ^ x - ;u ffi , j. 
f^7'Pt!il'yyn^>^-yl-;H, J^fi^y d^>^ 

^xx;U®. ^f^A+yiky^D^>^yl-JH. ^ ^ > 
yJkyi' □^>^yIz;H, X 5^ )l 7' ^ )l> > O U ^ > 4> -J x n 
20 ifiK4y;i'y^a^y^yi- ( iH 1 ^ ^ ;u // □ /\ ^ -> 

v ^ D^>^yxx;H^«!:©7;i' + ;HI$fc{j:yi7 07;^ 

iHly^D^y^ylZiH, $ £ (C 

)i ® ^ m vf b n § o 
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Z. ft e> CD S \t , /\oy'>lf , h'JTJ^iky'JM/ifTll 
$ ftT vs T t> J: H . 

^■n6 0'5'6Ttt, 7 ;U=^ -> ^ p ^ > ? zS x - ;HdM# \z 

5 ±sB-I2 5£ (ii) T-SS^Sft^ft^fifif LtLT>'i'n^> 
^yi-;p#»€ft5i* 2 1^±ft5i^l:tt, ^ <D ? 13 2 
<H©^^n^>^^x — ;u#*&S:^r-rsSl5|±»i. x 9 v > . y □ 
h: 1/ > ft £ CD 7 ^ ^ U > S ; -f V y □ fc° U x > , ~J z> x x JU ^ ^ 1/ 
> & £ © S ^ 7 Jl/ * I- > & : i" U U > S * tt is * 9 )V ~> U V > S ; 

1/ > » ft £ & ^ L T & $ ft X H T & «t ^ „ 

j/?o^>^iJi;ji/t»stt4Sfife^oL tint m 

$|f|*U~l 2 <7) ^ it 7k m S > 7 ^ 3 * ~> a . 7'J-n + y$, 

7> ;u * > ^ w & ( - so, r a k a □ y > m ^ s 3t & tk m m c c 

15 d T > R a « 7 ;U ^ )V m , ADy>SfTliSnt7^ + JH, 
7 U — ^ * . A O y > HC =f- T M & $ ft 7 U - )V m £ & 7 ;U * Jl/ 

m m m =f & # i ~ i 2 cd ^ 7K m m t l t « / 7 ;u ^ m > -> ? 

□ 7 * a , 7U-iH. 7 5 * ;u a ft £ <b ft . iOl 

20 

9)1, sec-zf9)V, itxi-y'9)V. 1 > 9 )V » ^ * -> ;u , 
7"' -> ;U > h'r v )l ft £ CD 7 )V * Jl S ; 

v ^7 a ^ > 9 )l> > S> ^ o a. ;u ft <tf (D ^7 o 7 ^ ;w S ; 



WO 00/34420 



PCT/JP99/06868 



28 

Z> x - )V > h U )V ft i£ <D 7 U - )l S ; 

i > v )i , * ^- ^ ^ ;u & if © 7 5 )v * )v & an m if e> ti z> . 

£ it > 7i^ + y|tLT(i, ;* h * -> , x h ^ -> . n- ;/ □ t}^ 
-> , r;^o#+y, n- y h , < V^h + v, sec-y h^y, t e 
5 rt-y h + y, ^ > h + -> , 's* V * -> , ^ 5> h * -> ft rt*^ if % tl 

& O . 

J'J-Q + vSilTtt. 7 x y * is ft E tfi m if £ tl , 
Xj^>ltfl ( - S O 3 R a ) <t Ltli, ;* > x ;p * x h > 
p- h x > x ;u * x h , h 'J 7^tD^^>7^$t h\ p- 5? □ ;u 
10 ^ > if > * ;U * x h ft £ ffi m if 6 tl 3 o 

/\oy>if iitii. y -%m. Bom.wmif 

Z> 0 

KTic, m a* 3 x »> a -e & K> , ^ x> -> 57 p ^ > ^ >? x - ;u -Si- 
te £ W T 3 82 ft: ^ £ 2fS^t? 5? a -£ > its Vo Z M ^-t Z> « 
15 t* X ( / fJk> ^ ^? y X " Jl/) yjl/ □ - ^ A y ^7 □ U F, 

t' X (X ;U > 57 □^>^yX-JHyJl/3Z^Ay^ □ U H, 

tf X K > x - ;U ) V )V xi x <j7 a 57 □ U H\ 

h* X (4. 5. 6, 7-x h 7 t Ho-i* > r x jH y ;i/ n z C7 a y □ "J K 
20 ft<*f 0 

* fc . ± S3 <D ct 5 ft v 5 ;U □ X <j7 A it £ ® iZ n t y ;u XI x V U & 

M £ , f^^^A^i, 7 w x ^ a £ m ii # m * ^ £ 
* ci 1 1> t- * . 

£ jfc , ± SB X U- > • y o tf U > « A ^ fls ( A ) , ( B ) * It ( C ) 
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tr ^ -5 o 

L 1 M 1 X 2 , ••• ( i i i ) 

5 5$ ( i i i ) + > M 1 tt > « & 16 4 * fz it z> > * - K fk n V> & M 

l 1 . m&it <d mm we $> o » ^im'sh;^^ h k 

x 2 « . s i» id is] - -r *> s t£ i x v> t *> «k < . # m , APy>, 

d <Z> «£ 5 & - JK it ( i i i > tS$tl5lt^l©^Ti, T bB - HBt 
it (iv) T /K £ n-5 {fc^&^Jff * L V>. 

15 

Y X 2 

/ \ / 
Z M 1 

\ / \ ••• (iv) 

20 Cp X 2 

it 4 1 , M 1 tt ^ $> > . v ;i/ 3 - <> A * ft it A 7 — -> A T- £> 0 . X 2 
it , ± IB <h [s] m T' £ S o 

C p it M 1 7t ^ a U T ^ l> y ^ D^>^yIi;HTfe§„ 
25 ZteSfc£* 1 4i©7li ( m x. it 

y -f m s y ;p v - 9 a a tt & ) -e & * . 
y it m. m , »j > , it $ * « -r * o & & ts aa & x -& . 
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d£>cfc5&±fle— flxit (iv) T^$n^^^n-fe>>fb-&tl^LT 

m # w (c « . 

[y^f JKt-^f Jb7$ K ) (5=- h =y * ;U - 77 5 - v ^ O ^ > ^ ~>* 
5 x ~ )V ) ~> 7 > ] ^ $ > V Z d 'J K , 

[(t-yfJP75 K ) h^^^;w-77 5 -->^D^>^>=x-;i/)- 

1 . 2-X ^ > 5^ -1* Jy ] ? ^ > v ^ □ U F > 

[y^>yJKl-^f ^75 H ) (5=- h 5 * ^ )V - 77 5 - >> ^ □ < > 9 
xIZjH i/7 >] ^ ^ > ^ P U K , 

X - )V ) -> =j > ] ^ ^ > v ^ ^ * > , 

[i^^Mt-y^^XS K ) {7- V "7 * 3- )V- T)~*-i/ 9 w<,y $ ¥ 
iZJHy?/] V & 

[(t-^f ^7= K ) (-r h 7 * 3=- ;y - 7? 5 - -> 9 u ^ > ^ i? x x ;u ) - 
15 1. 2-X * > 5? -f Jl/ ] ^ ^ > v 37 > , 

[(/fJ|/7S K ) {-T- h Z> * ^JV- 7) 5 — > ^7 □ ^ > ^ c; x - ;u) _j 

2-x ^ >>m ;p] ^ t^^ >^;u^^ >, 
;u ) * f- v > ] i?7x-jpf^>, 

2 0 [ ^ > sy;u (i-y^ 7 5 K ) (7 h ^ * 7? 5 --> ^ D a; > 

yI-JHy?>] ^ > f>* ;U ^ ^ > > 

[y^fJM^/yJl/7 5 H ) (^-/^D^/^yizjHy-)/] 
y'lh'J/f^y'JJKf 

[y^JK7i^;i'*77^ K ) h 5> * ^- ;U - 7? 5 - ~> ;7 □ ^ > 
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^i-jHJ/5>] if *J )l> 9 > * 

[If h^^il'-D'-y^D^/^yiijH-l, 2-x ^ > isj ;H 
^ > i? )V 3- 9 > . 

[2- n 5 - (t- h 5 * f v 0 n s<> $ is jl- )U) ^ ; 
5 U-M2-)] v^>^;l^*>, 

[2-r; 5 -(T- h^^f^-x^ p^>^yiz;n-i-^f ;i/-x^y 
!✓ - h (2-) ] i? * 9 >, 

[ 2- ( (4a. 4b, 8a, 9, 9a- 77 ) -9H-7 JU ^ 1/ >-9--f ;U) -> ^ D ^ ^ it 7 
• U - h (2-) ] i> * ?-)V?-*? >, 
10 [2- ( (4a. 4b. 8a. 9. 9a- n ) -9H-7 ;b ^ 1/ >-9--T ^ ) ~> ^ n * +h / 

w - h (2-) ] 5? ^ > z? )v *j )v 3- $ > u e ifi m iff e> n s . 

£fc±?e<B«£3;&:^^>fc^&C:fc^T3 L $'x£7A&JR<&, 
n x A £ M , A7-^A^RfcIf 8IAfc{k^«jSJj§tfsr it) 

15 z n £ (73 ^ p iz ><fb-£r#?te, 1 iitt * 2 @^±&i^fr 

* §g 93 t- » , mm-ffcx (ii) T?i$n^^Dt>ft^«iti/ 

T « , 'L> £> 4fe mW> *t ifi i? & 3 — O A T? $> 0 , 2 f@ (D > # □ ^ > ^ 
X - )V n %r £ ^ tS 15 iSt =t £ W -? Z> V )V □ / 1Z > -fb & m tfijff- * l < 
20 fflhsns. * & ffi IE - «S it ( i i i ) * & « ( i v) T?5Sn***n 

■fe >it^m <t it » «t i 'ii^^^i^ J f^f^>T-$)^^^ y -txt 
■&Mtf!t?£.i,<m^*>nz>. ± te / * □ -tr > ft <z> & ^ t- « . — 
ft 3$ ( i v) f^snt^ro^ll^f *<?^>T?*5ft^«i*^i:« : 
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^Dt>l»l (b) ^i^t^tiTJ^^^At + yjt^ 

tii5fia©7jR;^*f>n, * & w tt , t so - & ^ -e at <* 



r 2 a i-eo - A l-tir o A 1 r 2 
i 

R 



* O- Al-hiT2 
R 



10 ( ± ffi — it £ *5 ^X, Rit^^Jl. x^;U. yDh°Jk zf^)Vts. 

E (D ^ m 7k 35 a t * v . £f £ L < * ^ ;p , if Jk (c # * b < 

|^f;H"$D, m ti 2 ^ _t , ft £ L < fi 5 ~ 4 0 » ^ ^ T' & £ „ ) 
Z. Z.X . ;<D7^5/^4^/tt^ (OA1 (R 1 )) t? n £ ft Z> 7 
)V*)V**zs7 A ¥ & *5 <£ 5£ (OA1 (R-)) Tl^ns 

15 7;^J^+y7;i/5^C'Afll: ( ^ z x , r 1 & cfc R 2 tt R t 
|W| <D m it 7K ^ & £ m ^ t« - £ ^* T €? . R 1 *s «t R 1 ffl JR ft 
£ & £ ^ *3 T . ) £ ft S m 7 ;W 3r )V *<■ -> 7 )V 5 — A J£ {£ ^ e, 

± * > lb -f ± > jj lb i: ft 

*20 ^^□t/^ftl ( b ) ZBf&T Z>-( * >4K^ ii L 

T , JK^l, -f * > *t £ #1 ft £ & 0* 7K T 3 - £ # T £ £ „ 
JHX^tLTll BR, (Rlt 7 y M . * J~ )V , h ! J 7^iD. 

ii77it^5„) t 7K $ n & <t m vs *> n . #y « 
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b 'J 7 n # o > , 

7 (3,5-y7J^Q7ilJH^D>, b U 7 (4-7 JVt □ ^ f 7 x 
-;P)^D>, h'J7(^>^7J|/t07x-jH#D>, b U 7 (p- 
5 h>JJH^n>, h'JXlo-h'JJU^D/, hU7(3,5-y/fiV7 
x-;U) # a >fr nso 

N- V 7 )l * )V 7 — U — *7 A % , y 7i^*7 >^ z7 Ai, h U 7 
U - ;U * 7> 7 * — -7 A i& & E £ m if Z> Z. t. ifi T # £ c 

10 m #: W JC , b U 7 * JU W & 7 > - 7 A ^ t. L T tt » M 7L it 

b iJifJl^7> : &^7AT b ^ (7xZJK*^i, h 'J 7°D t'^ 
/y^-^Ar b ^ (7x;;H*f*, b U (n- T' JU ) 7 > t ~ <7 
A 7 b ^ ( 7 x ^ Jb ) * -7 JH , h U / f ^7>^^7Ar h7 (p-h'J 
;i/ ) * £ $ > h'J^f Jb7> ; E-7Afh7(i]-h l jJH*7i ) h'J 

15 '7'f^7>^- 1 )Afh7K>^7iM-D7xZJH*7$, h'J 
7° □ t'Jl'7>t-'5AT b ^ (o, p- v * 3^ Jb 7 x ~ Jl/ ) * «7 3? . b U 
7'?^7>t;7AfF7(n, m-y/f^7i^JH*7«, h'J7 
fJl/7> ; E-7Af b 7 (P- b U 7;1'^-o^5 1 ;U7x-;u)5}n'7^, 
b U (n-7fJU7>t- r )AT b 5 (o- b U ;b ) * -7 ^ ft £ m if b 

20 n & o 

N, N-y 7 ^+^7 - 'J - "7 ALi L/Tli, A N. N-y / f 
- U - «7 A t- b y ( 7 x - )V ) * O $ k N,N->'if ^7i 'J r^Af 
b 7 (7 x~Jb) *7^> N. N-2, 4, 6-^ y^/?Jl/7rU^7Af h 

^ ( 7 x - ;n * -7 & ft if :w m vf b n s . 
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i? (l-yp tf;H 7 > t - 2 A <r (^>^7J^D7x-;H* 
£ S§ » ^>*->^P'\^v;i/y> ; E^^A^ h 7 ( 7 x ~ ;W * ft: <»: 

a* m e> n -5 „ 

* X > 7 u 7 - )V) # \s - h , N. U-7 
A^-h^^^ K>^7JI/t0 7i-JHtvl/ - h , ^xa-fe-^A 

h5 (^>^^;u^-D7x-;u)^i/ — K ft: £ £ ^ w & z. t. *> -e ^ 

i^l/> • 7Pb'b->^i^# ( A ) coia 
±fCifl/> • 7°Plf l/>-^i^# ( A ) tt , » * L < it ± 12 © 
15 J; v ft: "J O A (a-l) > iff * L < \A /N ;± 5? £ A ^ ftfe ^ (a-2) 

* u-k > & ( b ) ©#^Ti:x?l/>^J;^ 

7° p tf v. > . ^s^.^^xirotyv-ji m %■ m ffl t? & ffi £ 2 -it 

tl Z> i$ , ff« 4* © 7° □ tf I/ > «SF CD a -^J- 1/ 7 4 > £ ffl T & «fc H » 
20 ffi^oi^jc^ ^ e> *l <£> j[* ft; ?K 3§ & t. LX\t . ^ > ^ > . ^ ^ it 

> . ^\ y ^ > > # ^ & > . 5 s * > , k ^* * > . *t ttti ft: a <d m m m m 

it tK M & <£ z$ z. n e> v> a a y > ffi # ft ; >^n^\^lt>, * 5 1 ;u v 
^□^>^> > ^ f=- ;p -> a ^\ 4- -y- > ft: E <d m W ft ft tK ^ & £ 
rnb©A07-'>ii|#: ; ^>t'>, hJH>, ^ :> U > ft: <H CO ?7 
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m m m it * m & & ZS ? o a ^ > -tf > ft E 0) ;\ a ? > m m fa ft E ifi m 

vi^ns. ^ ft e ^©Hb m ^ « , i £ fc \t 2 mu±m. 

fr£fr1±Tm^Z>Z t fit T $ z> o 

X ^ U- > & J: zs zf a h: v > . jfrgfCJ^UTftfi^^E/V — «: , A* y 

. at*i^i-5:t^if$i<, ^ fc m w m m m £ « ^ ii m m 
« , ± id m m \t m x a t co ft ^ g t « ^ ^ n £ „ 

10 ft CD "T^tt/^^v 5 £ A<t&® (v-l) CDiiJgte, iffi^-, 0.01-55 
UtA/'J-;Ff (1 p ti), SfSKHO. 0 5-3 $ 'Jt^/ 
U y hJbT^S. £ CD nj f£ 'It A' ^ v ^ A ft £t W (v-l) . S & 3% 1*1 K 

< 1 - 7 « , $ 6 n w- s b < . 1 - 5 m (d m m. T W & 3 ft & £ E 

1± J% •? 2> 7 2. ~ O A (D * It (Al/V) T , iffi S 2 

W ± , if * L < tt 2 ~ 5 0 , £ 6> Jf? £ U < tt 3 ~ 2 0 © ffi T {ft £S 

$ ft 3 o 

nj » A ^- 5/ £ A *t ® (v- I ) & «8 7 ;U 5 ZL V A <fc & m tt , 

20 iis, ± $ cd phc 7k ^ *g a» & «t p e v >t^$n 

$ftT^|p$ft-5 0 C © m > i£ "SJ A v? £ A to (v- 1) ± j£ 

Lfc«/££:ft&$ft5£<fca*il£Ln#, ^r«T;w^-^A<b^#j 
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A't y^AIil (a- 1 ) <D ft SE T > X ^ U > 43 £ XS 7 □ b° U > , 

S # , iSI^-5 0t~.l OOt, ffil<(J-30t~80t, 
£5£#£L<tt-2 0 *€ - 6 Ott', )±^^0$1AT5 0 k g 
5 /cm 2 UAT> Jftb<tt0^iAT2 Okg/cm- Jt^TO^fr 

t ff n % . ± ib ffi ^ f+ « . m wl m & & t s± - t & ^ ^ <t a« 

Aty^Allfil (a-2) <D # ffi T X ^ U > 43 J: tX y P t: U > , 

m&%kfacD * *> p-t > ^ co m m it . mn o . o o o o 5 — o . 1 
S'jtA/Uy h ;u ( m # II ) . W * L < {a o . o o o i - o . o 5 

5 "Jt^/U y h ^ T * £ . * ^ T )V 5 x r> K * * > it l9r m « , 

^<D^)Uit (Al/m&&m)T°, 1-10000, iff £ L < « 1 

0 - 5 0 0 0 ST fife *6$n*>. 

-f * > -ft: -T * > 14 ft £ % , I6^rt©^^otxttl!i:*tt 

6 yt > it * > & 'Vo <n )i Ik ( -f * > ft -f * > tt & «j / p< 
20 9 n±>{k'&m) "C. 0. 5-3 0. jfJL<ttl-2 5 i S 5 J: ^ 

• * # ^ T ;i/ 5 x y a ft £ #i rt< ffl ^ e> ti z> m (c it , ii a > m o 

- 5 5 iJtJl^/U y h ( S & ® IS ) , 0f £ L < rj 0 - 2 5 U ^ ;U 
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X 9 n1z>&f&m ( b ) CO n £ T IZ. x.^l/>&£ZS7u\dU>, 

ii ft . i«*i-2 ot-i 5 oi:. ^Jb<(iot:~i 2 ot;, £ 

b^^^L<«0 c C~l 0 OtT. £E**SO*i^T8 0 k g / c 
5 m 2 T ; ff^L/<(iO$:i^T5 0 k g / c m 2 T © * fl= T.fc ■ 
ff t) n S • ± BE S £ & ft « , il M ffi & - £ T« & £ 31 <h £ 

« . mm mm. & m. m & e <o ^ # c & ^ x *> m u % a* , i^, 5 

cOck5&#^3&tfcCOX^u> • zf u \d U > ^PkU^W (A) ^ m 

15 #^Pfi£8 0, 0 0 0 ~ 4 0 0. 0 0 0 tCilt^ C i^Tt 5. 

±|2« t t^i:ltX5 1 |/>* c tl/7°Ot*l/>, & ^ Id Jfo C X fill CO 
^/^-Z&m&Z^&t. X U > • yDHU>*l^# (A) 
ttii#£n£^tfffi-&i8c<!:LTf#e>*l<5. £ CO ffi £• m \t . fif Hi K J; 

o m m z n , x^i/>--/Dtfi/>^a-^#: ( a ) <=> n -g> . 
20 x £ y > : y □ e u > -J g i -g. & ( b ) cd m m 

± §B x J- V > • 7" d tf U > m i§r f* ( B ) Ji , W * L < \t ± IB CO 
«fc o n 1- V K? A & ft ^ (a-2) C0# iff T * tz * o -fc > ^ ft 8« ( b ) 
co # ft T c x u > 43 ct a tf u > , j&^tc/fcCTftfico^/v- 
£ , I?fi'ifflT*-l^StTiilt§. Z\ CO , I^^ItlT- 
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m iz m it * m m m & m ^ e> n %> & > m <d -? □ tr u > co <* u 7 

i^©^tcffl^6n?>Mft7Kii$i ( !:LTH, ± gB £ leg « © & G> 

a* ^ M <=> ti & . znzmmiz, 1 m m w t £ & a 2 m u ± *i * & t> 
x f- v > *3 ck 7° n tf 1^ > , &m \z fa u x m <d =e s ^? — it . a ^ 

ft 1? * ft £ -T s d £ *< » * L < > # k: « # « & jR'rts 8 £ jfl » « ft 

10 te . ± te m ^ te m x-ixu-r <d £ o fctem-cmi,* *>nz> . 

Wimt U/tty^ A^Sti (a-2) mm ^ te,ffi^& 
1*1 © pJi£t£ /*i-i?K7 (v-2) »ffr v 0.0 1-55 

u t ;u / u y h ;p ( a # fit ) > * u < te 0 . 0 5 ~ 3 5 u ;p / 

U»; h^T»5. :o "J J£ A'fy 'i' Aft-p#i (v-2) te , ffi ^ lc 
15 3 "5J }g 1$ A :h v Alt^i (v-2)©II(Z) 1 Offif^TvffJ L 

< te 1 ~ 7 fg , £ & L < te 1 ~ 5 «®«flETtt*&3 *l -5 C £ 

*« M * L . ^^w«l7^5-^A^^#»te, ft £ ^ 1*1 (0 a >? 7 

Algf i:^t§7^5n^Alf<?)tJl/tt ( A 1 / V ) T. il « 2 

20 £n&.o 

ii # , ± idi <D ^ fk 7K^^^^cfctX/Sfctef^^<?D7 0 ohru>T^»? 

$ n t # $g ^ n •& o d co i& , ^ pj & a ^- >? 7 a ^ (v-2) te ± m 
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n-y i> o a m m m (a-2) (D n <± t \z , x v > *5 j; ts -? d ei/>, 

& S f3 rt? C T ftii © t y v - £ # £ €t 2 -fr £ 43 £ £ « , « £ £r S f£ « . 
5 il # . Ot - 1 0 Ot, W : £ U < - 3 0 V ~ 8 0 °C , 

$e.{C»*L<ti-2 0t~6 Ott, ft^!J50^iSAT5 0 k g 
/cm 2 WT, Hf$KIJ0 5^x.T2 0 kg/cm 2 £A T <0 # 

t \z ft t> n z> . ± te m * # ti , i^i^jit'ti-^-e^^i t^- 

10 * fcttsttl £ L T * * o -fe > (b) *« m ^ £ tl £ m ^ iz tt . 

ffi & 1*3 <D * ^ O -t > it& <D M it , il 3? 0 . 0 0 0 0 5 ~ 0 . 1 
$'Jt^/'j7 hJKl^^i),5fSKttO. 0 0 0 1 - 0.0 5 
5 u ^ ;u / u y h ;u t? <fc s . * fz *r « 7 ;u 5 =. o A * + -> lb £r #j , 

15 ^<Z)^:;]/Jt(Al/jH£&JB)T, 1 — 1 0 0 0 0 , jffj Kttl 

-f * > lb -r > *b £ #f ft . ffi^mi*i<7)^^p-fe>{k-&tii3^T 

Z> 1 > it 1 * > W <D ^ JUit it -1 * 

? O 1z >if&m) X'. 0. 5—3 0. 5t&6J:^ 

20 

* fc w «s 7 ;u 5 - <y a <b <s& ffl n h n z m & \z & . as , 1^0 
/u>; h )v t tz z> J; o u m t- m ^ n ^> „ 
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ii ff , fijl^- 2 Ot - 1 5 Ot, ffil<(iOt-l 201, 2 

e> k: # £ l < « o r ~ i oot:t\ e^^ossats o k g/c 

m 2 &s T » !ifSUI30&IiT50kg/cm ! ^ T CO & # T 13 
5 ftfrtl&o ± SB ffi ^ ^ ft- it , ® M ffi £ & "C ti - ^ t? * £ Z\ <h £ 

tot, IlklKttft. ffii=rrSj£ft £<D$kft- iz ct o T ;sft s ^ . 5 

COcfc5^#^mBjc0DX^l/>-7°Dh o l/>^^M^#: (B) 
n§J:^;5:lTi^^!:tt^$n^ 0 £ b tc *t- S K |R L X tot , tK 
i£&£co#^fipgi1#J£m>£d£fcT*c*£o C ft l£ ct OllTfcj 
# -T * £ 8 0, 0 0 0J^±2 5 0, 0 0 0 Z> Z. £ 

15 £ „ 

± IB O ct (3 b T I ? 1/ > J; y- 7° □ t: 1/ > , & g t .Jfc D T ftti (D 
t/^-lftl^StSi, X5 L U>-yatTU>^fi^#: (B) 

fiit^ns^tfi^jRittiibns. d <o a m it . # a k: ct 
to m a $ n . x5 i i/> • 7 , otfi/>^i^<* ( b ) & m % n & . 

20 x^p>-yatfu>^lS-gr^ (O co gj & 

± IE X 5f 1/ > • 7° P t° 1^ > ffi «: ( C ) , » It L < fct ± 3E CO 

ct o & n -r i> <y a m m & (a- o > ct ^ » * l < it a ± o a m m m (a 

-2) (O ft r±" T £ ft it * * u -te > ^ M m ( b ) co 7* ffi T £ x ^ 1/ > & <t 
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•tt- t s is -r * . zL<on. m^mm t lx -^izmit'^mmm^m ^ 
e> n s & , a««)^Dt?i/>ifl)ff-*i/7^ > * « t» t t> ck 1^ . 

^$tf bti^. :n^Kt i si ¥ 3Sii t £ tz it 2 *a w ± m ^ £r *d 
ST-^i^tSui^jfj l<, w m it # « 3y r m * m ^ m m m 

ftb <t ITA'ty^AIttl (a- 1) ifl m ^ <b ft Z> m ti iZ it . M & & 

\H <d ai & & a -r v v a it & m (v- 1 > <d m it , ® , 0.01 — 5 = 

'JtJb/'Jyh;!' ( fi # 85 ) > JfiL<U0.05-3S'Jti/ 

u y hJK'^s, c (?) nj m <i4 a* ± a it & m (V- 1 ) \t , m^^ftiz 
15 . n & ■* £ oj & # : /t -y ^ a ^ ^ (v- 1 ) (D m m <o 1 0 f& je* t, a? * l 
< n 1 ~ 7 & . $ e, \z m £ b < it 1 ~ 5 co * ^ -cm* ^ £ ft z> d <h 

#I^LU„ * fc W H T )V i= zl O A it & m it , ffi ^ ft <D rt 1r yf O . 
A ^ T \Z M -T ^ 7 A ^ - ^ A IB "f- (D t A It ( A l / V ) T* , il # 2 
& ± . !(fiL<a2~5 0, £6lC$?£L<tt3~2 0CDftTftt,1& 
20 3 *l<5> „ 

ii * > ± m cd m it * *g m & <k u / £ it it m w <n ? a u e u > t- «? 
$nxei^$n5. ^ co ^ , i£ pi « 14 a ■? v o a <k ^ #j (v- n « ± je 
LfciSctKsnsit^isi^^', w a 7 ;u 5 - o a it 1$ m 
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&m&& friz &v &&m<orz & 5 o feUT <D&m<Dmmiz mm 

Mty^AIMi (a- 1 ) <2 ^ ft T ic . x U > & £ ^ n hf U > , 

3ffiS, 0t~l 0 O-C, rjF^L<tt-3 0 < C~8 0 £ C. 

£ <=> K £F £ L < - 2 0t~6 OtT, EE^^0^j®AT5 Okg 
/cm 2 ftT. ffiL<aO^I^T2 Okg/cm ! KTO^ft 

t \z ft t> n -g> o -h ib s ^ « . ig m m -a- m t • « - ^ -r ; & -5 ^ t a« 

/tfy^A/ISI (a-2) <D ft ft T . X ^ U > 43 £ ^ □ t: 1/ > , 
^ICItSC TffiOty ?-&^l^StSl^l:t)> ± 12 t Pirn <£> 

$fc«}|ilT/^Pt>^Ml ( b ) ^ffl^bnsil^Ctt, 
tt£^rt<D*^p-t>te£-«K!tBiftani, 1^ 0. 0 0 0 0 5-0. 1 

5 »J )i / 'j y h ;u ( a £• ^ m ) , iff * L < « 0 . 0 0 0 1 ~ 0 . 0 5 

^ <£> ^ JUJt (A l/I^^I) T\ 1-1 0000, *T * U < 1 

0 ~ 5 o o ot&si^&tTftissns. 

< * > it 4 tote* & & % ft (D * ? n > ik-fr m iz M T 

z>-( * >4k<i * >m<t&%o<D^ Alt ( -f > -r 3*" > tt Ik #1 / * 

5> u -t>ib T > 0. 5-3 0, if J L < 11 1 ~ 2 5 £ & 5 £ 5 

6 fi r #t $ n a . 
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- 5 5 'J' )V / U >y h ;U C ffi ^ ^ II ) . & £ L < it m 0 - 2 5 'J ^6 ;U 
^^□-fe>^M«« (b) (Dft&TtZ, JL?- U > & & Zf y° a ¥ u > , 

.5 m # , um&- 2 o "c - i 5 ot, rr-*L<«o t c~i 2 ot, $ 

6 tC <f? £ U < « 0 <C ~ 1 0 Ott, JE#*<0£j@AT8 0 kg/c 
m 2 i^jt. T „ JfiL/<liO*fiAt5.0kg/cm ! CtTffl^ttTl: 
fr ft *l & „ _h IB M ^ ft . & ^ ffi & T' — T & £ £ t ffi W £ 

10 Kfomm c * & & a* m m m -e m m £ n & ^ tc « ¥ ^ ^ ^ m ) 

. to ^ ^ ^ , M £r r& S & £ cd & # tc i o T S U Z> ifi . ii 3t , 5 
# - 5 m m > S L < (J 1 0 # ~ 3 B# T & -5 „ 

15 nSct^&iTl^^C^IS^ns. £ £ lc & ffi lc E£ L T \t , ?K 

m & a o) =?■ m m m m * m z 1 *> t € •& . ^ n \z j: v mm^&j 
ft^-mz 2 5 o, o o o~4 o o, o o o iz m m -r z> ,z\ t. & -v # •& . 

± © <fc O \Z L T X J- V > 43 «fc U 7° □ If U > , jfr ^ C X m <D 

20 m^cn^ttfi^it ix#e.n§„ c © iinr m it , sacj; 
* ?g 93 ic ^ z> ffl m m m. r& ® iz « , 

±Eeif U> • yntl/>ftt^# (A), (B) (C) © 
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mm® mm ( d > t 

±IBlf l/> • 7°D fk>*i^«: ( A ) . ( B ) £ Tz tt ( C ) CO 

?P4m^«^j (d> i> 

$tm*&Tm (e) t*§irt5fefflfc*5. 

* -r * % m tc ^ & m m ® m. m m & iv&l t z &j& # \z -d ^ x m. m r 

& o 

10 ( d ) m m m m m ■ 

* m. w T- m ^ t> n z> m m m m m t l t \t . t&yn m . *s «t # u a - 

^-I/^^>. !Ut-JH7rJk ^ U 7 1/ > ^ iJ 3 - CO 

6- fig *A a* *j§ £> n , ««ffl*fctttt«fitii:6fij&?ibto^'i>>K^^ 

15 ffi^bti. *» SB! CO ft ^ CJ: DHo^cof iA^s^, - & 0 . 5 ~ 

i o % (d ? y ? xtt &<£tsmvott\tfmm z nz> o otn^tt 
ssstts^i o ~ 2 o o c s tcot>co^— ffltMizmmzftZe 
( e ) «[ pj t ai 

-&3£Wem^ zn&tfim&ifeTM t lth, t ;u * ;nt ^- 7 ^ u 

20 >, ^^JJHTA + JI/C (*) ffi^fls, 7 ^ ij 7 ju ^ ;uco 
( # ) It £ & , 7 V )VW. 7 ;u 4- ^ £ g£ SE t* - )V <h CO * ffl . a - 
*i/7-r a V 7 << > t ^ ^ V > <h co # M & 1& m ^ ff 

e> n -5 j&* , ■£ 7? & . ^ ^ ^ U )V W. 7 )V * )V co ( it- ) ffl , 7 ^ ij 

;u & 7 ;u * co (#) tt 0? il »c ffl i> e> n-g> 0 
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*%w&z>mmMmm.m\zte, ± u «t ? & x v > • :/ p tr 
\/ y&msfc ( a ) <t , rP4 *& to m m ( d > t & is m l , & p m ** *& 

tfLmtytzjL^ is > - zf a Yf \s >&m&i& (A) ^1-2 011%, 

»jutt5-ioiixroi ( n # a fra m m a ( d > *s ct 
5 $ © m & ffl ) T^ft5fco^*s. z.<D£?ummtti®.j&®i*. 
m m m * m (d) t , xfi/> • ypt'u>^i^# (a) £<d& 
m a i o o s * % \z m b , ?9 m rib a ( d > *58 0-9 9ii%, 
i/> • y □ tr u > is ^ (a) ^i-2oii%i^§:i 

10 X^U>--7 0 Dt°U>^m^#: (A) £ , tBI tit ft g $1 (D) £ £ 

*it5flitiiiiajfiftii. -ta « #c # «■ a* /jn s < {& ta 1# tc ^ n ^ . 

&fzz\<Dmmfo&.i&fo\zi£ zizmmto&m. mm & n t m fc £ £ is 
-&LTfflmtommtzmm-?zz\£b-T:%2> 0 
15 $ tz * §e hj§ m z> m m m ml j& m iz « , ±m u jt ct o & x ^ u > • 

yPt°l/>±tM-^#: (B) t , jffl ft ftb £ $J (D) t^^^-L, r p 
m fa ffi #1 * td X U > ; y P tf V > # S ( B ) 

fi % , h < ii 5 ~ 1 0 itt a % cd a ( ^ # « ^ m s $1 ( d ) & 
& m © ie an t'tirtst)®*^^. d co j: a & an m. \Sl m 

20 X5F- lx > • 7° □ tT >«ft^fls (B) £. PtPHtllSftJ (D) i 

CO -q St M 1 0 0 fi fi % \Z ft L . ffl m to & ffl ( D ) 8 0 ~ 9 9 IS ffi % , 
lfl/> • ^0 t'l/>#I^f$ (B) *U~2 0li%t^5:i 

x^i/> • 7'atfu>^i^# ( b ) £ , iiia m to & m ( d ) <t * 
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^ m ? m m m m w « , umitift tt $ < <s # 14 ic ® n s . 

* ~ co ih m *& ib. & ^5 n $ e> \z m m m m m , % i& n t ?pj ft * ss 

y°o tr 1/ >#^fl^^ (C) <h, rHHfitfiSftJ (D) i^^Wb. mm 

ffimm.l8.Wl* tc X ^ 1/ > • 7 D bf U >PiWLtifo (C) £ 1 ~ 2 01 

ft % . jfii<a5~ioii%roi < 8 #n ia m to x #J ( d ) & 
& «e (d m & m > T^wrsfc©****. ^ co .j: -5 & jne ?s m a us ^1 

10 , P m Ito m M ( D ) £ , i/> • t 5 l/>«l^#; (C) to 
^IH 1 0 0 I. i % (: M b > «pa » ftb » ffl ( D ) 8 0 ~ 9 9 ft « % . 

I?l/> • If l/>i|l^# (C) AU~2 0II%T'^§:t 

If l/> • t>>*l^l* (C) <h , P fH fft £ #1 ( D ) £ £ 

15 ••^*r-rsiHf»tt3iB.fiJt«9«. i& ^ « # # * 2 < i£ *S # tt II ^ ft -5 . 

& LTfflmtom&izmm t s e: 1 1> t # s . 

* ^ fc ^ § $9 tff fft ft B)t ^ td « , ±iz!iL/cck?ftx5 1 l/> • 7° □ 
20 tTl/>ifc®^# (A) fclrftoSgiJ (D) ( E ) 

( A ) £ 0 . 1 ~ 5 fi S % , * L < tt' 0 . 3 ~ 2 16 ffi % CD £ T , it 
ab m T £«J ( E ) £ 0 . 0 5~5li%,jfFit/< IJ0. 1 - 2 fi ffi % 

fi ( # « j» m jib a $i ( d ) & urn m co m & m ) Ttttsto 
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mmm&m < d ) £ , if ^> • ^□t s i/>*i^* ( a ) t , 
as »j & e$ t #j ( e > t zmmm m & m « , rs s ft ?? & # /h 

$<^Ol^l/>-7°oHI/>«I^ft:(A) £ flit Efj jjR ft F M ( E ) 

5 t <d ffl s re m \z cfc -5 dK Wj & cd ± # tfi '> u < > * e»»0-si*-AyWfaiari!H 
^ t & u 4# tc n % . z<Dfflmt&m.tf(.vaz* gf-3S» 

y'ofi//^!^* ( b ) t . ?T4 m m & m ( d ) i , m m & » t an 

10 ( E ) £ * * L- , @E i0 flt & fifc & x 5f u > • y° d t? 1/ > & 

ffi Hi- (B) & 1-511%, JfH<(10. 3~2ll%Ol 
T 1 , fctt ®j * |S$ T 3>J ( E ) SO. 0-5-51185, iff £ L < tt 0 . 1 - 

2li%©lftt ( a # « ilia ft ftb m ffl ( D ) & j& <D S2 €r frJ ) 
15 If l/> - yntl^>«l§* ( B ) i , ?B0 ?i fill M M ( D ) £ , 

m m & to t #J ( e ) <ts:^^-rsjffl«i?ft»fiJcifttt. ?s jjs ft ^ tt a* * 
^ < , ^ -o x ^ v > • y p b° u > & ; S ( B ) <h , m m & n t m 

ii ^ ffi -v n tt ^ n o £ jt > c © ftMj m nh &l j# m \t . gf- 

£ 6 13 * 56 dj t ^ £ ffl m rtb a file #J tc « > ± k£ L =fc 5 x ^ U- > - 

:/n£u>^i6i§r# ( c ) <h . mm m mm ( d > «t , sit ^ k t 
( e ) i^t^L. m mthmi&VQty iz . x ^ u > • -7° □ t? u > « 

(C) * 0 . 1-511%, ^f^L<tt0. 2 ~ 1 . 5 ffi fi % 
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aT«E»^P¥T»J ( E ) ^0.05-511%, » * L < tt 0 . 1 ~ 
2S»%cd«T^W (S^ttitlllliia (D) Rtffgifi ©Se^jSfiJ) 

d © cfc -5 & x 1/ > • 7° P hf U > & ffi ft: ( C ) £ . ?C3 » fib S M 
5 ( D ) i . « » I* T SO ( E ) i^^tt^itlill^^tt, & £ 

Wl A T #J ( E ) £ tf) *B S ffl J: £ ffi. Wj ,£ © ± j&« 4> ft < , $> 6 

fi » G F - 3 ^& {£ M W f± <2 M t& £ $5 L 5 & «, 

io 2jE%§nic«-5js««iiiafife#>tt, ± m % fife # ^ ic , * ^ * u » 

T ;U *F )V <D ( ft ) WL ^ W . BR, S E B S & £ © Jfc & ft f& 1"! 

±%}$kz wr ^aa^^j, fs^spj, n it # & an ai, iEi, 

ifi S"J . BK -fb ffi it 80 , ^I^g i± ffc SI&iiOS^aSS^LTfcJ; 

15 iMMMMi 

^^Mtl^SSIMfftSflfife^Jtt. ffl f» Ml * 8U ( D ) £ , If 
7° □ h° 1/ > # ffi ft: ( A ) ; ( B ) *> L < tt ( C K & ® (3 & D X SB £r 

atii^*fctt»ftf * « p » tin m m ( d > ic . x ^ u > • 
y p t° u > * s a- ft: ( a ) , ( b ) t) l < ( c ) , m m & n t #j ( e ) 

2 0 & J: l£ & MfC DTSE-a^J^r^a £ f£ T -5 d £ t£ <fc 0 fiE Jfe £t 

ft & , * ^ so « (c is ^ t & . m & m # x tt w tt^ l ft i/i m. o . 
» » © a , s is * ft- . # ^ m , m m wl ft a <d ± x <o & m « , ^ 

m m \z ^ 0>g ?6 fc: ft e> ft t> IB ffl T r»j ti^ii^i^TIi^ns 
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% W <P 3ft & 

* % W K ^ 3 in » ?ft m *S ft M &E »J tt . teitt1$ttfcffti&*iflE»!!B 
5 »*8it5:t*«-e*4. 

#5BEfc«*illil*i*l&J5fc*lfcl:. iSllttCinT^O, # ffi ffl m 
fft ffl £P 3® T * £ o 

io j£*t. js 0uc s x # 3i! 93 £ $ e» n ttncsa^-r * 
^6 n « - ft e> * si m \z m. ^ 2 ft z> & <n -v n & u . 
& & * m #y iz *5 ^ t m w 14 « w t <d x o \z u t m mvrzo 

X ± V > ^ ft 

0 L A 5 0 Oiii^^liflSi^, ^J^y^OjK 
15 >iz>£^>-tf>-d6£<D^-£fg$g ( ;t ;U I- D > if > / 

^ > if > - d 6 = 3 / 1 ~ 4 / 1 ( # « Jt ) ) * . 1 2.0t, AJR 
if® 4 5 " /I ;U X , ^ 7s Wi M L B# ffl 5 . 5&Tl^Lfc. 

1 0 0t?Ofelg (K.V.) 

A S T M D 4 4 5 \Z S "3 V> T $J 5t * ff r> fz. . fii5*HI«-eB 
20 K . V . 1 0mm- i 5 ct 3 C il t fc. 

Cold Cranking Simu lator ( C C S ) 

ASTM D 2 6 0 2 Cl^^TlH^fT o it. C C S ^ 7 > 

^ m id *3 w- & fg t (o m m 1* a) m m \z m ^ <e> n , «#/j> 

$ tr> g . fg m nil o as s n 14 ^<tt^t^ ^ -r . 
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Mini -Rotarv Viscometer (MRV) 

A 5 T M D 3 8 2 9 > D 4 6 8 4 l:i^^Tffl£*rrofc. M 

R V > i& T? # > t° > tf &'i=r o tz*h<r>mm\zm l> £ 
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